distribution systems, and a loss of biodiversity in The Australian leaf-mining fly, Hydrellia balciunasi, aquatic ecosystems (Haller, 1978) .
was first released as a biological control agent for the The only currently practiced methods of hydrilla management of the submersed aquatic plant, Hydrilla management involve the use of herbicides (Schmitz et verticillata in August 1989 in southern Florida. Since ai" 1991) and to a lesser extent a herbivorous fish then, 284,684 individuals have been released at seven (Sutton and Vandiver, 1986) . However, these are costly, Florida and four Texas sites. Despite this effort, popula short-term solutions. This prompted federal and state tions have persisted at just two Texas sites: Sheldon agencies to initiate searches for host-specific insect Reservoir near Houston and Lake Raven in Huntsville biological control agents.
State Park. H. balciunasi levels have remained rela Surveys in India and Pakistan during the 1970s tively low at these sites, averaging, at best, less than yielded several potential agents (Baloch and Sana 1000 immatures/kg wet plant weight. All other collec Ullah, 1974; Baloch et aI., 1980; Sankaran and Rao, tions were substantially lower. Reasons for poor estab 1972). Two of these, Bagous affinis Hustache and lishment are unknown but probably relate to a com Hydrellia pakistanae Deonier (Buckingham et al., 1989 ; plex of factors, including competition with another Bennett and Buckingham, 1991) , were later released in introduced leaf-mining species, parasitism by native the United States but only the latter has established wasps, poor host quality, genetic differences between (Center et aI., 1997) . Other surveys in Australia, con Australian and United States hydrilla resulting in ducted during the 1980s, yielded several additional mismatched physiological strains of agent and host agents (Center et al., 1989) . One of these was the plant, and possibly inbreeding depression in labora leaf-mining ephydrid fly, Hydrellia balciunasi Bock, tory colonies used for releases. " 1997 Academic Press which is similar in morphology and habit to H. paki KEy WORDS: aquatic weed; Insecta; aquatic plant; stanae CDeonier, 1978; Bock, 1990; Buckingham et al., insect releases; classical biological control; submerged 1991; Balciunas and Burrows, 1996) . H. balciunasi was weed. brought into quarantine in and released in Florida in 1989 and in Texas in 1991 H. balciunasi is a small gnat-like fly in the family Hydrilla, Hydrilla uerticillata (L. f.) Royle (Hydro Ephydridae. Buckingham et al. (1991) have described charitaceae), is a submersed aquatic plant that causes the laboratory biology of this species. In summary, the numerous problems for water resource management in adults rest on various species of emergent or floating the United States. Since its introduction into Florida vegetation where eggs are laid singly at or near the through the aquarium trade in the early 1950s (Schmitz water surface. Females oviposit an average of 36 eggs et al., 1991) , it has spread extensively throughout which hatch after 3 days (at 27°C). The emerging North America, even into temperate areas (Center et larvae descend into the water to locate suitable feeding al., 1989), Problems associated with extensive growth material. They then burrow through the leaf epidermis of hydrilla include hinderance of navigation, recre of a hydrilla plant and feed on internal leaf tissues. A ational use of waterbodies, flood control, and water single larvae can feed and damage 9 to 12 leaves during the three larval stadia. The larvae pupate within the cuticle of the third instar. The cuticle is hardened into a protective covering known as the puparium. The cigar The primary method used for rearing H. balciunasi was that of Buckingham et al. (1989) for H. pakistanae, modified slightly as described in Center et al. (1997) . Briefly, for larval rearing, egg-laden hydrilla sprigs were placed in 2-to 4-liter jars containing about 100 g of fresh hydrilla. Adults were transferred to oviposition chambers consisting of wooden boxes with clear plastic or glass covers. Fly handling in the oviposition chamber was accomplished through entry portals covered by cloth sleeves. Adults were fed solutions of sucrose and yeast hydrolysate either separately or in a mixture (4 g yeast hydrolysate, 7 g sucrose, and 10 ml of water). Partially submerged hydrilla sprigs held within 9-or 14-cm-diameter petri dishes provided an oviposition substrate. After oviposition, the egg-laden hydrilla sprigs were transferred to new containers to perpetu ate the rearing process.
Releases. The strategy employed to establish H. balciunasi was based on experience with H. pakistanae and involved continued releases at each site using relatively large numbers of individuals for each release. Egg-laden hydrilla sprigs were transferred from ovipo sition chambers to 14-cm-diameter petri dishes and held for 10 to 14 days to obtain second and third instal'S. Previous experience with H. pakistanae sug gested that lower mortality is associated with releasing older immatures (Center et al., 1997) . We placed the plant material harboring the larvae into shallow, float ing cages (described by Center et al., 1997) at the release site. The cages only detained the insects, thereby slowing dispersal and increasing the likelihood that emerging adults would encounter one another. The cages also clearly demarcated release locations, thereby facilitating recovery of successive generations of flies and verification of establishment. Also, the shallow cages provided the adults with protection from some predators, such as odonates, by limiting their maneuver ability. The cages also protected the plant material from larger herbivores.
Assessment of establishment. Sites were monitored for the presence of H. balciunasi by a variety of qualitative and quantitative sampling methods. Be cause of the possibility of the presence of the closely related species, H. pakistanae, which may have been released as a colony contaminant, adults were carefully identified.
Quantitative sampling methods for each site in cluded the assessment of numbers of immatures and the percentage of leaves damaged. This was accom plished by randomly collecting from throughout the si te 25 to 50 hydrilla sprigs, each measuring 10 to 20 cm in length, from the upper portion of the plant beds (i.e., canopy). Each sprig was examined microscopically and numbers of larvae, pupae, and damaged leaves were determined. Hydrilla sprigs were then individually weighed to express the insect counts as number per kilogram offresh plant weight.
Unfortunately, Hydrellia immatures cannot be iden tified to species. Since quantitative sampling methods only assessed number of unidentified immatures, quali tative methods for adult collection were used to ascer tain the species present. Qualitative sampling included hand collection of adults from the water surface, partial rearing of ad ul ts from field -collected hydrilla, and ad ult capture using "soap dish" techniques. The latter method employed 21-cm 2 (diameter) plastic containers sur rounded by a 50-cm 2 (diameter) styrofoam platform for floatation. The containers were filled with a dilute solution of dishwashing detergent to reduce surface tension. Adult H. balciunasi trapped in the soap solu tion were removed after 3 to 5 h and preserved in 70% ethanol for later identification. Qualitative techniques were also used to determine the presence or the ab sence of immatures in those cases where quantitative sampling was not warranted. These techniques in cluded simple examination of stem pieces and extrac tion ofimmatures and adults using Berlese funnels. We considered H. balciunasi to be established when we consistently recovered adults over a period of about 4 months (i.e., about 5 generations) by either qualitative or quantitative means.
Voucher specimens were preserved and verified by Dr. R. L. Deonier (University of Florida, Department of Entomology and Nematology, Gainesville, Florida). Specimens have been deposited in the Florida State Collection ofArthropods, Gainesville, Florida.
Statistical analysis. Differences between means us ing ANOVA as well as basic descriptive statistics were calculated using the statistical program "Statistica," developed by the StatSoft company (StatSoft, Inc., 1994 Beginning in October 1992, the number ofimmatures and associated levels of leaf damage were determined approximately monthly at the Sheldon Reservoir site (Fig. 1) . More immatures and leaf damage were noted during the first 2 years of sampling than during later years. The highest number of immatures were noted during this period, with about 1000 individuals/kg occurring on October 1992 and July 1993. This corre sponded to about 5% leaf damage, far below the damage threshold (2:40%) needed to induce a decline (Greg Wheeler, USDA, ARS, Aquatic Plant Control Lab., Ft. Lauderdale, Florida, personal communication; Grodo witz, unpublished data). The number ofimmatures and the level of leaf damage on other sampling dates were substantially lower. In general, fewer immatures were noted during the 1994 and 1995 growing seasons. This is summarized in Fig. 2 , where averages for each growing season (i.e., June through October) were deter mined. Immature populations declined drastically from 1992 through 1993 and 1994. Based on the consistent collection oflow numbers of both immatures and adults over four growing seasons, we conclude that H. balciu nasi is established at Sheldon Reservoir. We expect the population to persist, but it is unlikely to attain levels sufficient to control hydrilla.
Limited numbers of H. pakistanae have also been collected at the Sheldon Reservoir site. H. pakistanae was evidently released as a contaminant in H. balciu- nasi colonies. Initial proportions of H. pakistanae in age have been minimal, never exceeding 200 imma samples of adults collected at the site were comparable tureslkg and 2% leaf damage (Fig. 3) . No statistical to colony contamination proportions (only about 2%) differences (F = 0.781, P = 0.731, and df = 19,644) in but only for a few months after the last release (up to mean number of immatures were detected among January 1993). Thereafter, no additional H. pakistanae sampling dates. Qualitative sampling during July 1996 were found.
failed to reveal the presence of adults or associated leaf We recently discovered that H. balciunasi may have damage. Unfortunately, the hydrilla beds at the release established at a second Texas location, Lake Raven, a sites were disrupted by major flooding and herbicide small water body located in Hunstville State Park applications during 1995. These events may have extir about 100 km north of Houston. We released H. balciu pated the incipient H. balciunasi populations. If H. nasi at Lake Raven from fall 1992 until December 1994 balciunasi persists at Lake Raven, it does so at very low but saw no evidence of establishment. Limited num levels. The consistent collection of adults during 1993 bers of immatures, but no confirming adult specimens, and 1994, however, suggests that a population might were collected through 1994 (Fig. 3) . However, during a still be present and mandates additional sampling. routine sampling trip in late June 1994 small numbers H. balciunasi releases were made at two additional (i.e., <10) of adult H. balciunasi were hand-collected. Texas sites; Coleto Creek Reservoir, about 100 km While no damage by immatures was noted, small north of Corpus Christi, and Choke Canyon Reservoir, numbers of adults were consistently hand-collected at about 50 km north of Corpus Christi, beginning Decem Lake Raven during the next 6 months. Quantitative ber 1992 and August 1993, respectively ( (i.e., 1992, 1993, 1994, and 1995) for Sheldon Reservoir. The growing season was defined as that period from June through October. The means for number ofimmatureslkg were significantly different at F = 21.066, P < 0.0001, and df = 3,645. The means for percentage leaf damage are significantly different at F = 32.368, P < 0.00001, and df = 3,645.
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Reservoir and nearly 50,000 at Choke Canyon Reser voir. Substantial collecting efforts using a variety of quantitative and qualitative sampling methods have failed to detect the presence of H. balciunasi at these sites.
It is interesting to note that H. pakistanae is evi dently established throughout Coleto Creek Reservoir. When we concluded that H. balciunasi would not establish at this site, we made a single release of approximately 34,000 immature H. pakistanae, ob tained from field locations in southern Florida, at the original H. balciunasi release area during May 1995. Quantitative estimates, which were again initiated in June 1995, revealed an increasing population of H. pakistanae (data not shown), but no H. balciunasi (Fig.  4) . The peak numbers of H. pakistanae immatures occurred during July 1995 when estimates reached 2320 immatures/kg and a corresponding leaf damage of nearly 20% (data not shown). These values are over twofold higher than levels observed anywhere for H. balciunasi. The immatures are assumed to be H. paki stanae because no adult H. balciunasi were collected using the floating trays, hand-collection, or Berlese funnel extraction techniques; all adults collected from these sites have been H. pakistanae. Qualitative exam inations made during July 1996 also revealed the presence of a flourishing H. pakistanae population throughout the reservoir. H. pakistanae immatures have subsequently been found at sites up to 2.5 km from the nearest point of release (data not shown).
Similarly, despite extensive efforts, establishment failed to result at the south Florida sites. Shortly after the release ofH. balciunasi at Orangebrook Golf Course in southern Florida, qualitative examinations revealed the presence of H. pakistanae, not H. balciunasi, as expected. Inspection of the H. balciunasi colony from which the releases were made revealed a high level of contamination (90%) by H. pakistanae. As a result, we are unsure of the numbers of H. balciunasi actually released there (Table 1 ). The entire contaminated colony was released at the Orangebrook site shortly after this was discovered. New laboratory colonies were then established from overseas material. H. pakistanae was Small populations of H. balciunasi may have persisted becoming widely established throughout southern and may still exist in Florida, possibly having gone Florida at the time (Center et al., 1997) and field undetected due to the overwhelming numbers of H. collected hydrilla which undoubtedly contained H. paki pakistanae present. This was a major consideration in stanae was being used to sustain the H. balciunasi our decision to discontinue releases in Florida in favor colonies. Hence, contamination of laboratory colonies of releasing H. balciunasi in Texas. was a continual problem. However, we instituted care H. balciunasi has been confirmed to persist at fewer ful monitoring procedures and thereafter successfully than 10% of the sites in both Texas and Florida where minimized contamination levels prior to initiating addi releases have been made. This is in contrast to the tional releases.
closely related H. pakistanae, for which 70% or more of Subsequent attempts to establish H. balciunasi in the release attempts have produced long-term or perma Florida were made at sites at least 100 km away from nent establishment (Center et al., 1997) . Not only have known infestations of H. pakistanae. Nonetheless, H. establishment rates been low, population numbers have pakistanae was soon discovered at all H. balciunasi never increased significantly. For example, at Sheldon release sites and throughout the state. Apparently this Reservoir population levels remained static or declined can be attributed to the rapid dispersal of H. paki during 3 of the 4 years sampled (i.e., 1993, 1994 , and stanae throughout south and central Florida (Center et 1995, Fig. 2) . This is also in contrast to H. pakistanae, al., 1997) . Although some H. balciunasi adults were whose populations have increased rapidly, at many recovered shortly after termination of the releases, sites reaching levels 10 times greater than those of H. subsequent sampling produced only H. pakistanae and balciunasi (Grodowitz, unpublished data combination of factors. These may include differences in climatic conditions where the various strains origi nated compared to their actual release sites, poor viability in released individuals, high parasitism rates, genetic and physiological differences in hydrilla from the United States compared to that from Australia (the home range of H. balciunasi), and competition from the closely related H. pakistanae.
It is well known that rearing in and of itself can have profound effects on the viability of insect biocontrol agents destined for introduction into new areas (Bush and Neck, 1977) . Such effects are difficult to avoid, but our rearing program was designed to minimize inbreed ing depression of the reared individuals. This was accomplished mainly by continually replacing entire colonies with fresh overseas material after rearing only a few generations. In addition, large spacious contain " ers were used to minimize flight degeneration. Such measures apparently resulted in successful establish ment of H. pakistanae. Rearing procedures identical to those used for H. balciunasi have enabled field coloniza tion of H. pakistanae from laboratory-bred individuals, albeit with some difficulty (Center et al., 1997) . Hence, the viability of laboratory-reared individuals was prob ably not a primary factor limiting establishment of H. balciunasi.
Parasitism ofH. balciunasi may also be an important factor limiting establishment. Observations on H. paki stanae has shown the potential for high parasitism by the native wasp species Trichopria columbiana (Ash mead) in the family Diapriidae (personal communica tion E. Reeves, Guntersville, Alabama). Parasitism rates as high as 90% were observed when sentinel pupae were placed at field locations in northern Ala bama. While it is unknown whether T columbiana will parasitize H. balciunasi, there is no reason to believe that it will not, especially considering the close similar ity in the behavior and habitat requirements for the two species. In addition, it is well documented that high parasitism occurs for many native species of Hydrellia (Deonier, 1971 ). More research is needed on the popula tion-level effects of parasites on H. balciunasi.
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Another important reason may be related to genetic differences in the hydrilla originating from Australia and that found in the United States. Recent work on the phenetic relationships among international acces sions of hydrilla using RAPD analysis indicates that the dioecious form of hydrilla in the United States is phenetically more similar to Asian rather than Austra lian plants (P. T. Madeira, Ft. Lauderdale, Florida, personal communication). Hence, more research is needed to quantify the effects of host races on the performance of both H. balciunasi and H. pakistanae.
Plant quality has also been suggested as a possible reason for lack of establishment by H. balciunasi. Observations made on the growth and development of H. balciunasi while in quarantine and during mass rearing procedures have suggested that larval H. balciu nasi are sensitive to the hardness of hydrilla, more so than H. pakistanae. Decreased performance is appar ently associated with tougher leaves (G. Buckingham, USDA,ARS, Gainesville, Florida, personal communica tion). Wheeler and Center (1996) have found that hydrilla leaftexture (i.e., hardness) and tissue nitrogen concentrations affect H. pakistanae larval survival, developmental times, and adult size.
Another explanation for the lack of establishment in Florida is the rapid dispersal of H. pakistanae. Large increases in H. pakistanae populations throughout south and central Florida may have competitively excluded H. balciunasi. However, this conclusion is premature, especially considering the limited establish ment ofH. balciunasi, even with the considerable effort spent in Texas, where H. pakistanae was not present to any great extent. Also, the accidental release and temporary presence of H. pakistanae compared to the long-term presence of H. balciunasi at Sheldon Reser voir suggests that the former species does not always preempt the latter.
In summary, the release program has resulted in the introduction of nearly 300,000 H. balciunasi in two states and 11 locations. Despite repeated attempts, it is established permanently at just one, and possibly two, Texas locations, where populations have remained low. This suggests that H. balciunasi will have minimal utility as a biological control agent for hydrilla.
